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) , $Co$xeter $Y_{444}$
, Conway
( Y-preSentation) , $ICM90$ A.A.Ivanov





, Monster , 196,833
([6]),
, $C=2^{1+24}.(Co.1)$ ,
Co.l COnWay 24 Leech lattice










, Co.l Leech lattice , 196,833
, Y-preSentation 26 node theorem,
, Leech lattice LorentZian lattice
, 2 , MOnSter
2. Golay code Leech lattice,
, , GOlay COde LeeCh lattice
, ,
, $[5,Chapterll,12]$
$\Omega$ 24 , $\mathcal{P}(\Omega)$
$\mathcal{P}(\Omega)$ $X+Y=(X\cup Y)\backslash (X\cap Y)$ 2
24 , GOlay code
$C$ $\mathcal{P}(\Omega)$ 12 $C$
minimalweight 8 , weight 8 octads octads
759 , $c*=\mathcal{P}(\Omega)/C$ Golay cocode
, $x^{*}(x\subset\Omega)$ $\mathcal{P}(\Omega)$ ,
(X, $y$) $=|x\cap y|mod 2$ , $C$
$0$ , $(x^{*}, y)$ weU-defined
$\circ$
, $\Omega$ index $v_{i}(i\in\Omega)$ $\mathbb{R}$
24 , Leech lattice
$\Lambda$ o Leech lattice , 24 even unimodular lattice ,
(squared length) 2
, A 4 ( 196560 : $\pm 1$
, 98,280 )
8(1) $v_{i}=_{F^{(-3,1^{2’3})}}^{1_{8}}$ ( $1$ -3 , 1; $i\in\Omega$)
, $C$ -1 A
( : $24\cross 2^{12}=98,304$)
(2) $v_{X}=_{T^{1_{8}}}(2^{X}, 0^{\Omega-X})$ (X 2 , $0;X\in C,$ $|X|=8$)
, 2 -2 A
( : $759\cross 2^{7}=97,152$)
(3) $\tau_{8}^{1}((\pm 4)^{2},0^{22})$ (2 \pm 2 , $0$)
( : $( \frac{24\cross 23}{2})\cross 2^{2}=1,104$)
3. Extra-special 2-group $2^{1+24}(=Q)$
, Monster $C=2^{1+24}.(Co.1)$
, $C$ extra-special 2-




, $Q$ 1 non-linear ( $2^{12}$ )
Golay code index ,
, Griess factor set $\varphi$ o $\varphi$
$C\cross Carrow \mathbb{Z}/2\mathbb{Z}$ (1)$-(3)$
(1) $\varphi(X,X)=\frac{1}{4}|X|(mod 2)$
(2) $\varphi(X,Y)+\varphi(Y,X)=\frac{1}{2}|X\cap Y|(mod 2)$
(3) $\varphi(X,Y)+\varphi(X+Y, Z)+\varphi(Y, Z)+\varphi(X,Y+Z)$
$=|X\cap Y\cap Z|(mod 2)$
$\varphi$ , $(Griess[7])$
, Kitazume[11]
9, $Q$ Golay code, cocode
$Q\cong Z_{2}\cross C^{*}\cross C$
$\varphi$
$\mathcal{P}(\Omega)$ $Q$ 2
, $Q$ extra special 2-
$2^{1+24}$
$(a,x^{*},g)(b,y^{*}, h)=(a+b+(g,y^{*})+\varphi(g, h),$ $(x+y+(g\cap h))^{*},g+h)$
, $(0,0^{*}, 0)$ , $(a, x^{*}, g)^{-1}=(a+(x^{*},g)+$
$\varphi(g, g),$ $x^{*},g$ ) , $\varphi$ (3)
, $Q$ 2 $Z_{2}$ , $Q/Z(Q)$ elementary
Abel $Q/Z(Q)$ $\Lambda/2\Lambda$
$C\ni X v_{X}mod 2\Lambda$
$C^{*}\ni i v_{i}mod 2\Lambda$
, $Z_{2}\cross c*$ $2^{13}$ elementary Abel ,
$Q$ 1 non-linear ( $2^{12}$ )
1 $Q$ , coset






299 300-1 , 300 24 $Q\otimes A$
, 1 $C$
299 , $C/Q(\cong Co.l)$
10
98,280 , Leech lattice 2
( $\pm 1$ ) ,
lattice 2 index ,
$Q/Z(Q)\cong\Lambda/2\Lambda$ , $Q/Z(Q)$ index
, $C/Z(Q)$
98,304 , $24\cross 2^{12}$ 24 Leech lattice




lattice , $2^{12}$ Golay code
,
4. Y-presentation $26$ node theorem
, Y-presentation , Coxeter $Y_{555}$
Monster presentation , $[2],[3],[12]$




, 3 $F_{3}$ $P\Gamma.L(3,3)$ 13
points lines , ,
, 26
( , points, lines
, )





$x^{2}=1$ , $xy$ ,
$(xy)^{2}=1$ , $(xy)^{3}=1$
$Y_{555}$ , Coxeter ,
1 , Monster 2 Wreath
$MlZ_{2}$ ( , $M\cross M$ 2 involution
$\sigma$ , Bimonster )
, Y-presentation , $Y_{555}$ 16
involutions , Bimonster $\sigma$ Bimonster
, Y 55 $\sigma$
Bimonster $\sigma$ centralizer $C(\sigma\cdot)$ ,
Monster $\{(x, x)\in M\cross M\}$ $<\sigma>$.
, Y 55 $f_{3}(=\sigma),$ $e_{3}$ ( , $Y_{553}$
) $\sigma$ , $C(\sigma)$ $Y_{553}$ ,
Bimonster presentation
,






16 , 10 ,
(The 26 node theorem)
Bimonster $MlZ_{2}$ 26 involutions , $P\Gamma L(3,3)$
Monster C(\mbox{\boldmath $\sigma$}).
, $\sigma$ ,
$P\Gamma L(3,3)$ 1 point
point 4 line , $C(\sigma)$ , 12
points 9 lines 21 involutions ,
$C(\sigma)$ , points 12
$\sigma$ , $C(\sigma)/<\sigma>$ Monster
,







, Y-presentation , $C=2^{1+24}.(Co.1)$
$(Norton[13])$
13
, $p\in S^{26}$ point , $p$ 4 lines $L_{1},$ $L_{2},$ $L_{3},$ $L_{4}$
, $L_{i}(i=1,2,3,4)$ $P$ 3 $x_{i},$ $y_{i},$ $z_{i}$
$L_{i},$ $x_{i},$ $y_{i},$ $z_{i}$ $D_{4}$ Coxeter
$<L_{i},$ $x_{i},$ $y_{i},$ $z_{i}>$ 2 , , $i$
, $p^{*}$
,
$<p,p^{*}|p=a$ point $\in S^{26}>\cong 2^{1+26}$
$<p,p^{*}|p=a$ point $\in S^{21}>\cong 2^{1+24}$
extra-special 2- , $[\rho,p^{*}]$
( $p$ ) , $p$ , $p^{*}$ , elementary
Abel
, 2 points $p(\neq)q$ , $p,$ $q$ line $L(p, q)$ ,
$pq$ $L(p, q)$ $pq^{L(p,q)}$ COG
, , COnway Group
(Monster $C$ )
$<p,p^{*},pq^{L(p,q)}|p,$ $q,$ $L\in S^{26}>\cong 2^{1+26}.$ ( $2^{24}$ : (Co.l))
$<p,p^{*},pq^{L(p,q)}|p,$ $q,$ $L\cdot\in S^{21}>\cong 2\cross 2^{1+24}.(Co.1)$




6. Lorentzian lattice Leech roots
, Lorentzian lattice ,
, [8] [5,Chapter23]
14
, Lorentzian lattice $L$ , Leech lattice A 2 $Z$- $U$
, $U=Z\oplus Z$ $(a, b)(c, d)=$
-ad–bc
$L$ (squared length) 2 roots ,
$( \alpha, 1, \frac{(\alpha,\alpha)-2}{2})(\alpha\in\Lambda)$ roots Leech roots
Leech roots $X$ , $x,$ $y\in X$ $(x, y)$
$x,$ $y$
, $X$ diagram
, $L$ , 24 Leech lattice
24 even unimodular lattice 24
( Niemeier lattices )




hole isotropic element Leech glue root
, , spher-
ical Dynkin diagram $a_{n},$ $d_{m},$ $e_{l}(l=6,7,8)$
, 1 affine Dynkin diagram
$A_{n},$ $D_{m},$ $E_{l}(l=6,7,8)$
(1) Lorentzian lattice $L$ deep hole isotropic element $w$ $,$ $w$
Leech glue root $q$ , $<w,$ $q>^{\perp}$ Leech roots
diagram spherical Dynkin diagram
$a_{1}^{24},$ $a_{2}^{12},$ $a_{3}^{8},$ $a_{4}^{6},$ $d_{4}^{6},$ $a_{5}^{4}d_{4},$ $a_{6}^{4},$ $a_{7}^{2}d_{5}^{2},$ $a_{8}^{3},$ $d_{6}^{4},$ $a_{9}^{2}d_{6},$ $e_{6}^{4}$ ,
$a_{11}d_{7}e_{6},$ $a_{12}^{2},$ $d_{8}^{3},$ $a_{15}d_{9},$ $d_{10}e_{7}^{2},$ $a_{17}e_{7},$ $d_{12}^{2},$ $a_{24},$ $e_{8}^{3},$ $d_{16}e_{8},$ $d_{24}$
(2) , $<w>\perp$ Leech roots diagram ,
15
affine Dynkin diagram
$A_{1}^{24},$ $A_{2}^{12},A_{3}^{8},$ $A_{4}^{6},$ $D_{4}^{6},$ $A_{5}^{4}d_{4},$ $A_{6}^{4},$ $A_{7}^{2}d_{5}^{2},$ $A_{8}^{3},$ $D_{6}^{4},$ $A_{9}^{2}d_{6},$ $E_{6}^{4}$ ,
$A_{11}D_{7}E_{6},$ $A_{12}^{2},$ $D_{8}^{3},$ $A_{15}D_{9},$ $D_{10}E_{7}^{2},$ $A_{17}E_{7},$ $D_{12}^{2},$ $A_{24},$ $E_{8}^{3},$ $D_{16}E_{8},$ $D_{24}$
$\Gamma$ Leech lattice Niemeier lattice , Lorentzian
lattice , $L=\Gamma\oplus\tilde{U}$ ,
$\tilde{U}$ $U$ 2 lattice , ( )
$0$ $\Gamma$ roots , spherical
root system , 24
(1) , $\Gamma$ $Aut(L)$
, $\tilde{U}$ “deep hole isotropic element” $0$
$w$ ? “ Leech glue vector“ Leech root $q$
, root system simple root Leech roots
,
deep hole isotropic element Leech lattice deep hole
,
Leech glue vector ,
, $w$ deep hole isotropic element , $<w>^{\perp}$ Leech
roots $X$ $X$ diagram
$X_{1}$ , $a\in X_{1}$ $X_{1}$ $a$ diagram
spherical , $a$ $X_{1}$ extended root
( , $X_{1}$ diagram $E_{6}$ 3 extended roots
) , $w$ Leech glue roots , Leech root $q$ ,
$<w>^{\perp}$ , extended roots
-1 , (extended roots
) ,
16
7. Leech roots $\acute{Y}_{555}$
, , Leech roots $Y_{555}$
, Leech glue roots
$w=(w’, 2,3),$ $(w’=\tau_{8}^{1}(2^{24})\in\Lambda)$ deep hole isotropic element
, Leech glue root $q=((0^{24}), 1, -1)$
Leech root $v=(v’, 1, b)$ $<w,$ $q>\perp$ ,
$(w, v)=0,$ $(q, v)=0$ $(w’, v’)-2b-3=0,$ $-b+1=0$
$(w’, v’)=5$ , $v’$ 5 , $v$
root (i.e. . 2) , $v’$ 4 ,
Leech lattice 4 , $<w,$ $q>\perp$ Leech
roots , $(_{T^{1_{8}}}(-3,1^{23}),$ $1,1$ ) 24 , diagram $a_{1}^{24}$
, $<w>^{\perp}$ Leech roots , $( \frac{1}{\sqrt{8}}(5,1^{23}),$ $1,2$ )
24 , $-3$ 5
$A_{1}^{24}$ diagram , $w$ Leech
glue root ,
$(v_{X}, 1, \bigcup_{4}-1)$ $(X\in C)$
$2^{12}$ Golay code 1:1
, Golay code , $w,$ $q$
, root system $a_{1}^{24}$
$w,$ $q$ , 24 $\Omega$ , $<w>^{\perp}$ Leech roots $q$
, Leech glue roots $r$ $r$
$\mathcal{P}(\Omega)$ , $q$
( ) Golay code
, Leech glue roots





$E_{6}^{4}$ Leech glue roots 9 , $E_{6}^{4}$ 12
extended roots 21 roots diagram , $S^{21}$




Lorentzian lattice root reflection , lattice
,
, Lorentzian lattice , $S^{21}$
, Golay code
extended roots $A_{1}^{24}$ Leech glue
roots , ( $E_{6}^{4}$ Deep hole isotropic element )
, 12 roots Golay code
, $S^{21}$ points , Golay code
, 5 $2^{1+24}$ Golay code
, $Q=<p,p^{*}>\cong 2^{1+24}$
, 12 $p^{*}$ $[p,p^{*}]$ $2^{1}3$
, 12 $P$ ( )
, $p$ Golay code , 2
$2^{1}2$ , Golay code










, , Golay code
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